Interferon regulatory factor (IRF) 5 is a key transcription factor for the activation of innate immune responses downstream of Tolllike receptor signaling. Based on recent genetic analyses, IRF5 is a focus for its potential involvement in systemic lupus erythematosus (SLE), although how IRF5 contributes to SLE is uncertain. In this study, we demonstrate a requirement for IRF5 in the development of murine SLE via its role in B lymphocytes. We show that antinuclear autoantibodies and Ig glomerular deposits, hallmarks of SLE, are absent in Irf5 −/− mice challenged to develop SLE by pristane injection. In particular, production of autoantibodies of the IgG2a subtype, the most prominent isotype in inducing autoimmunity, requires IRF5. Finally, we provide evidence for the critical role of this transcription factor in the secretion of pathogenic antibodies through its direct control of class switch recombination of the γ2a locus. By demonstrating a B-cell-intrinsic role, this study places IRF5 in a context that may have implications for understanding the pathogenesis of human SLE.
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autoimmunity | B lymphocytes | TLR signaling B lymphocytes are central to the development of systemic lupus erythematosus (SLE). The loss of B-cell tolerance is welldocumented to increase the incidence of SLE disease in mice and humans, and the effectiveness of anti-B-cell therapies in the treatment of SLE further demonstrates their crucial involvement (1) (2) (3) . B cells can contribute to SLE by their ability to present antigens to autoreactive T cells, activate inflammatory responses by secretion of cytokines and chemokines, and, especially, secrete autoantibodies. Indeed, a cardinal feature of SLE is the presence of autoantibodies with specificities against DNA and nuclear ribonucleoprotein (nRNP) antigens, typically IgG1 and IgG3 (IgG2a and IgG2b in the mouse), in the circulation and in end organs as immune complex (IC) deposits (4) (5) (6) . ICs may be particularly important to the propagation of SLE by virtue of their dual ability to induce tissue damage and serve as "autoadjuvants" (1, 7) . Activated B cells can switch the constant region of its immunoglobulin (Ig) heavy chain through the process of class switch recombination (CSR), a DNA break and nonhomologous endjoining event within the Ig heavy-chain locus in which IgM/IgDexpressing B cells are made to express IgG, IgA, or IgE isotypes. CSR is necessary for the production of Ig with original antigen specificity but enhanced immune effector functions. The IgG2a isotype in particular plays a critical role in protective and pathological immune conditions in mice; IgG2a is the predominant isotype elicited during virus infection, most effective in directing antibody-dependent cellular cytotoxicity and most potent in inducing autoimmune anemia (8) (9) (10) (11) . This is due to its relatively higher and lower affinity for activating and inhibitory Fcγ receptors, respectively (12) . IgG2a CSR can be induced in B cells by a number of stimuli including a combination of Toll-like receptor (TLR) 4 plus interferon γ receptor (IFNGR) or by ligands to TLR9 (13) . Initiation of Ig CSR requires the germ-line transcription (GLT) of so-called sterile mRNA transcripts at the germ-line promoters of the to-be-rearranged α, ε, or γ constant region gene. Although T-bet and Stat1 transcription factors are shown to regulate GLT of IgG2a, a detailed mechanism still remains unknown (14, 15) . Interestingly, both of these transcription factors are involved in the production of SLE-related autoantibodies (14, 16) .
IRF5 is a member of the interferon regulatory factor (IRF) gene family that is known for its activation of TLR-mediated innate immune responses, particularly the induction of type I IFN and proinflammatory cytokine genes (17, 18) . A potential role for IRF5 in SLE pathogenesis in humans is indicated by the observation that several polymorphisms that increase IRF5 mRNA stability and protein abundance raise the susceptibility to develop SLE (19, 20) . In view of IRF5's ability to regulate the induction of type I IFNs and the involvement of type I IFNs in the pathogenesis of SLE, the current conventional wisdom is that IRF5 may drive SLE development by causing the aberrant production of type I IFN through TLR9 and/or TLR7 signaling activated by ICs (21, 22) . This is supported by the ample genetic evidence that TLR7 and TLR9 are involved in the development of lupus-like disease in mice. TLR7 promotes autoimmunity and the development of autoantibodies with specificities against nRNP antigens, whereas TLR9 drives the development of anti-double-stranded (ds) DNA antibodies (23) . However, the complexity of TLR9's contribution to autoimmunity is provided by the findings that autoimmuneprone TLR9-deficient mice have exacerbated symptoms of disease (24, 25) .
Recently, IRF5 was demonstrated to be required for murine lupus in autoimmune-prone FcγRIIb −/− Yaa mice, although no mechanism was described (26) . Whereas type I IFN production induced in murine dendritic cells (DCs) by stimulation with human IC is IRF5-dependent, albeit partially, it is unclear whether this is a mechanism by which IRF5 contributes to SLE disease development (27) . Moreover, a study found that IRF5 is involved in the differentiation of splenic B220 + CD138 + B cells in older mice through its regulation of Blimp-1 expression (28), suggesting that IRF5 can regulate humoral immune responses. In the present study, we demonstrate that IRF5's contribution to murine SLElike disease induced by pristane injection is likely due in part to its role in B cells. In particular, we reveal that IRF5 is required for secretion of IgG2a-and IgG2b-isotype-switched antibodies in vivo and in vitro, and provide molecular evidence that IRF5 regulates GLT of the IgG2a locus. Finally, we discuss our findings of IRF5's role in B cells and their implications for human SLE.
Results

IRF5
Regulates Autoantibody Production in a Murine Model System for SLE. Intraperitoneal injection of pristane oil into C57BL/6 mice induces a condition of chronic apoptosis and inflammation within the peritoneal cavity (29) . These mice progressively develop key features of human SLE disease such as elevated expression of type I IFN and IFN-inducible genes, secretion of autoantibodies against ds-and single-stranded (ss) DNA, nRNP, Sm and Su self-antigens, and development of IC-mediated kidney disease. To examine IRF5's contribution to the development of SLE-like disease in mice, IRF5 homozygous null (Irf5 −/− ) and wild-type (Irf5 +/+ ) mice were subjected to a single injection of pristane oil, and then 10 months postinjection serum and kidney from these mice were analyzed for the presence of autoantibodies and IgG glomerular deposits, respectively. We observed that IgG deposits assayed by immunofluorescence are far more obvious in Irf5 +/+ glomeruli (Fig. 1A) . When the prevalence and intensity of IgG-infiltrated glomeruli were scored by an observer blinded to the genotype of each section, a significant absence of IgG deposits in Irf5 −/− mice kidney sections is noted (Fig. 1B ). These data demonstrate that IRF5 is required for nephritisrelated IgG deposits in glomeruli induced to develop by pristane treatment and are consistent with those by Richez et al. (26) .
The presence of antinuclear antibodies (ANAs) in the sera of these mice was evaluated by immunostaining of Hep2 cells. All Irf5 +/+ mouse sera were positive for either homogeneous or speckled nuclear staining, whereas all Irf5 −/− sera were negative for both (Fig. 1C) . The absence of homogeneous or speckled nuclear staining in Irf5 −/− sera indicates that IRF5 is necessary for the development of ANAs specific for dsDNA and nRNP antigens, respectively (30, 31) . To test this, we measured antidsDNA autoantibody levels by ELISA and found that Irf5 −/− sera contain significantly reduced amounts of anti-dsDNA total IgG (Fig. 1D ). −/− sera (Fig. 1E) . Thus, these data demonstrate that IRF5 is required for the production of IgG2a and IgG2b ANAs in pristane-treated mice. compared with control mice (Fig. 2A) . As expected, anti-TNP IgG2a antibodies are not detected in the sera of Irf5 +/+ or Irf5 −/− mice immunized with TNP-Ficoll (Fig. 2C) . These results reveal that IRF5 is required for the in vivo secretion of IgG2a elicited during a routine immune system challenge with a T-cell-dependent antigen mixed with either a TLR-dependent (CFA) or TLR-independent (Alum) adjuvant (33) . In determining whether B cells are intrinsically defective in class switching to IgG2a, we next purified splenic B cells by indirect magnetic separation, stimulated the cells with cytokines or mitogens, and then assayed for IgG2a antibody secretion by ELISA. We observed that Irf5 −/− B cells secrete IgG2a antibodies normally upon lipid A (a TLR4 ligand) plus IFNγ treatment (Fig. 2D) . Thus, Irf5
−/− B cells do not possess a general defect in Ig secretion. However, Irf5
−/− B cells are completely defective in IgG2a secretion upon CpG-B (ODN1668, a TLR9 ligand) or anti-CD40 plus IFNγ stimulation (Fig. 2D) . Moreover, the requirement for IRF5 is irrespective of the concentration of CpG-B (Fig. 2E) . Steady-state levels of TLR9 and Myd88 mRNA transcripts are equivalent in Irf5 +/+ and Irf5 −/− B cells before and following CpG-B stimulation, indicating that Irf5 −/− B cells are competent for TLR9 stimulation (Fig. S1 A and B) . Indeed, transcripts of IRF4, a transcription factor essential for class switch recombination and antibody secretion (34) , are induced normally in Irf5 −/− B cells following CpG-B stimulation (Fig.  S1C ). These in vitro data clearly show a B-cell-intrinsic defect in Irf5 −/− mice and a critical and signaling-specific role for IRF5 in IgG2a production.
Given that IgG2a CSR is induced by IFNγ and inhibited by interleukin (IL) 4, we tested whether the in vivo defect observed (Fig. 2 A-C ) may also be due to an intrinsic defect in T-cell polarization. Untreated, nonpolarized, or Th1-or Th2-polarized Irf5 +/+ and Irf5 −/− CD4 + T cells were examined for their IFNγ and IL4 steady-state mRNA levels by real-time RT-PCR. No differences were observed in the expression of transcripts for either cytokine under these conditions (Fig. S2 A and B) . Thus, it is unlikely that the defect in IgG2a secretion observed in vivo upon the immunization and pristane treatment protocols described above is due to a T-cell-intrinsic defect. However, it remains possible that IRF5-dependent IgG2a responses still involve a non-B-cell component. For instance, because IRF5 is required for IL12 cytokine production by DCs and macrophages, Th1 responses may be reduced in these mice (18) .
In view of the reasonable hypothesis that IRF5 is responsible for the development of SLE-related autoantibodies by its aberrant production of type I IFN, we examined the role of type I IFN in inducing IgG2a secretion of Irf5 +/+ and Irf5 −/− B cells. First, exogenous type I IFN stimulation does not rescue the defect in CpG-B-induced IgG2a secretion by Irf5 −/− B cells in vitro (Fig. 2F) , although these cells respond to type I IFN, as indicated by the phosphorylation of Stat1 (Fig. S3) . Moreover, no differences are found in type I IFN mRNA levels measured in CpG-B-stimulated Irf5 +/+ and Irf5 −/− B cells (Fig. 2G ). These data collectively rule out the possibility that IRF5 regulates IgG2a secretion through its ability to regulate type I IFN gene expression, which is demonstrated by the absence of IgG2a secretion by type I IFN receptor-deficient B cells upon CpG-B stimulation (Fig. 2F) (35) . We thus conclude that the defect in IgG2a autoantibody secretion in the absence of IRF5 is independent of any secondary effects IRF5 may have on type I IFN expression and suggest, rather, that IRF5 intrinsically regulates IgG2a secretion in B cells. These data do not, however, exclude the involvement of IRF5-induced type I IFN signaling contributing to autoimmunity through other mechanisms (discussed below).
IRF5 Regulates B-Cell Activation Following TLR9 Stimulation. Although a major focus on B cells in the context of SLE has been on their secretion of autoantibodies, B cells are also known to drive SLE development through antibody-independent mechanisms (36) . Pathogenic B cells unable to secrete Ig could still support spontaneous T-cell activation, T-cell infiltration, and early mortality in MRL/Mp lpr/lpr mice by a mechanism(s) postulated to be mediated by B-cell costimulation and presentation of antigen to autoreactive T cells and/or secretion of mediators of local inflammation (36) . Beyond its induction of IgG2a CSR, we have data to suggest that IRF5 regulates the activation of CpG-Bstimulated B cells more generally. For one, we previously demonstrated that IRF5 is required for IL6 secretion by B cells (18) . Interestingly, IL6 is required for the production of anti-dsDNA, but not anti-sm, autoantibodies in pristane-injected mice (37) . However, because exogenous IL6 does not rescue IgG2a secretion by B cells (Fig. S4A) , we contend that the IgG2a defect is independent of IRF5-dependent IL6 production. In addition, ccl3 and ccl4 mRNA expression are also absent in TLR9-stimulated Irf5 −/− B cells (Fig. S4 B and C) , which implicates IRF5 in orchestrating inflammatory responses. Somewhat unexpectedly, CpG-B-treated Irf5 −/− B cells have higher surface expression of costimulatory proteins CD80 and CD86 but normal CD40 expression (Fig. S4 D-F) ; these data would seem to argue against a role for autoimmune-prone alleles of IRF5 in the costimulation and activation of autoreactive T cells. Finally, Irf5 −/− B cells undergo less proliferation than Irf5 +/+ B cells following TLR9 stimulation in vitro, suggesting that autoimmune-prone IRF5 alleles could promote the enhanced clonal expansion of autoreactive B cells (Fig. S4G) .
Regulation of IgG2a GLT by IRF5. To determine whether IRF5 affects IgG2a secretion at the level of GLT, we next measured germ-line transcripts of all heavy-chain genes by semiquantitative RT-PCR for Irf5 +/+ and Irf5 −/− B cells untreated or treated with lipid A plus IFNγ, anti-μ plus IL4 plus anti-CD40, or CpG-B. Markedly, γ2a transcripts were exclusively absent in Irf5 −/− B cells treated with CpG-B (Fig. 3) , indicating that the IgG2a secretion defect is before or at the stage of GLT. γ2b transcripts were also reduced in CpG-B-treated Irf5 −/− cells, further suggesting that IRF5 regulates switching to IgG2b as well. γ2a GLT is normal in Irf5 −/− B cells upon stimulation with lipid A plus IFNγ (Fig. 3) , an observation consistent with their normal IgG2a production by these stimuli (Fig. 2D) To further consolidate the above results, we next sought to determine whether IRF5 directly binds to the γ2a germ-line promoter. Chromatin immunoprecipitation (ChIP) was performed for IRF5 on putative consensus IRF binding sites [IFNstimulated response elements (ISRE), AANNGAAA (38) ] within the promoter region using chromatin prepared from wild-type B cells stimulated with CpG-B for 24 h. On the germ-line promoter of the IgG2a heavy chain (Igh-1a), we observed an enrichment of a consensus ISRE, GAATAGAAAC, located~1.2 kb upstream of the transcription start site as compared with the signal from ChIP of an irrelevant antibody, but little or no enrichment for six other ISREs (Fig. 4) . These data therefore further lend support to the notion that IRF5 directly acts on the ISRE within the γ2a germ-line promoter, although they do not exclude the possibility that additional proximal and distal ISREs are also involved in IgG2a GLT as well. The transcription factor T-bet is required for IgG2a GLT and CSR following TLR4 (14) and TLR9 (39) stimulation. T-bet mRNA transcripts are not induced in Irf5 −/− B cells following CpG-B stimulation (Fig. S1D ). Hence, we envisage cooperation between IRF5 and T-bet following TLR9 signaling for the induction for GLT and subsequent CSR, although the detailed mechanism of such cooperation remains to be clarified. Notwithstanding, these data, which go to the central point of this study, strongly suggest that IRF5 binds to the Igh-1a gene promoter, where it directs γ 2a GLT.
IRF5 Is Dispensable for Collagen-Induced Arthritis and Anti-Collagen
Autoantibodies. Because IRF5 is required for the production of pathogenic (IgG2a) autoantibodies in the context of murine SLE and the concomitant development of SLE as well as for IgG2a in immunized mice, we hypothesized that IRF5 may be required for the development of other forms of autoimmunity, such as rheumatoid arthritis. To test this, we challenged groups of Irf5 +/+ and Irf5 −/− mice to develop collagen-induced arthritis (CIA) by immunization with chicken collagen II (CII) (40) . Surprisingly, the severity of paw swelling (Fig. 5A) as well as IgM, total IgG, and IgG2a sera levels of anti-CII autoantibodies (Fig. 5B) were found to be equivalent between the experimental and control groups. Thus, at least under these experimental conditions, IRF5 is not required for clinical manifestation of arthritis or the development of collagen-specific autoantibodies, including those of the IgG2a subtype. As several reports have implicated the role of TLR4 signaling in this CIA model (41) , these data together with the in vitro experiment shown in Fig. 2D suggest that IRF5 is dispensable for the development of autoimmunity in which TLR4 signaling is involved. These results in toto underscore the selective contribution of IRF5 to IgG2a CSR in response to certain stimuli, particularly those affecting SLE development.
Discussion
Using a pristane-induced murine SLE model, we show that IRF5 is required for the development of ANAs and IC glomerular deposits, two cardinal features of SLE. Similar findings were independently made by another group (26) and were anticipated from studies identifying autoimmune-prone alleles of human IRF5 (19, 20) . In the present study, we go beyond the previous by examining IRF5's molecular mechanism in promoting SLE-like autoimmune disease. We demonstrate that the absence of pathogenic ANAs in pristane-treated Irf5 −/− mice is likely due to Representative gels from μ (n = 3), γ3 (n = 3), γ1 (n = 3), γ2b (n = 3), γ2a (n = 6), ε (n = 2), and α (n = 2) are shown. β-Actin (βact; n = 6) is a loading control. All signals were confirmed to be in the linear range of amplification. DNA molecular weight markers indicated in the right column from top to bottom are ≈500 (wide), 400, 300, and 200 bp. IRF5's direct regulation of class switching to IgG2a in B cells. IgG2a has been demonstrated to be the most potent isotype in mediating pathogenic (and protective) immune processes because of its enhanced induction of FcR-mediated effector functions (12) . In particular, we observe that anti-dsDNA and anti-sm IgG2a (and to a lesser extent IgG2b) autoantibodies are reduced or absent in pristane-injected Irf5 −/− mice, whereas IgM autoantibodies remain unaffected. As the development of autoantibodies against dsDNA and nRNP has been shown to be promoted by TLR9 and TLR7 signaling, respectively (23) (18) . We postulate that IRF5 is perhaps dispensable for IgG2a CSR induced by this combination of stimuli because of a redundancy with the transcription factor T-bet. Furthermore, the broad in vivo defect in CSR in Irf5 −/− mice may be consistent with IRF5 functioning downstream of TLR9 and TLR7 which, although not required, are crucial for augmenting adjuvant-induced humoral responses including and especially the production of IgG2a-switched antibodies (43, 44) . This notion is also supported by our findings that IRF5 is dispensable for the production of collagen-specific autoantibodies, including IgG2a, in the context of arthritis development. We hypothesize that this is likely due to IRF5 not being required for the activation of B cells in the context of TLR2 and/or TLR4 stimulation, pathways that are implicated in the progression of CII-induced arthritis (41) . Thus, we speculate that IRF5's role in autoimmunity may be restricted to the development of autoantibodies that only require TLR7 and TLR9 signaling, that is, nRNP and dsDNA autoantigens.
The requirement for IRF5 in the in vivo production of IgG2a may also be explained by the activation of IRF5 independent of TLR signaling, which is demonstrated in the immunization of Irf5 −/− mice with Alum, a TLR-independent adjuvant, as well as upon stimulation of Irf5 −/− B cells with anti-CD40 plus IFNγ in vitro. Whereas IRF5 is well-known to be activated downstream of TLR9 and TLR7, this is not so for IFNGR or CD40 signaling. We have shown previously that IRF5 nuclear translocation is induced upon TLR9 stimulation by MyD88-mediated recruitment of the E3 ubiquitin ligase TRAF6 (18) . Because TRAF6 is also activated downstream of CD40 (45), we speculate that this may be the mechanism by which IRF5 is required for IgG2a secretion upon CD40 plus IFNGR stimulation.
The in vivo IgG2a secretion defect, and protection from SLE more generally, is perhaps also due to IRF5's role in non-B cells, such as in the regulation of type I IFN by DCs. IC from SLE patients mixed with apoptotic cells or purified autoantigens induces type I IFN from murine DCs by a mechanism that involves FcγRIIA internalization and delivery of autoantigens to intracellular TLR7 and TLR9 (23, 46) . Type I IFN, in turn, promotes the activation of autoreactive B cells by enhancing B-cell survival, inducing TLR7 expression, and triggering secretion of IgG2a (21, 47) . As IRF5 is required for IC-mediated type I IFN expression by DCs and for IgG2a secretion by B cells, our system cannot experimentally determine which of the two is more critical for SLE disease pathogenesis. However, because exogenous type I IFN does not rescue the IgG2a secretion defect in Irf5 −/− B cells in vitro and because prior generation of pathogenic autoantibodies is necessary for IC formation and uptake by DCs leading to type I IFN secretion, we hypothesize that "IRF5 in B cells" precedes "IRF5 in DCs" as the earlier and more crucial trigger for SLE disease development. Indeed, this is supported by the demonstration that autoreactive B cells are distinctly capable of internalizing, via BCR endocytosis, and responding to autoantigens in the absence of prior autoantibody production (42) . Consistent with our data, more convincing data are provided by Richez et al., who found that type I IFN receptordeficient mice are not protected from SLE on an autoimmuneprone background (26) .
In humans, the murine IgG2a and IgG2b isotypes are thought to correspond to IgG1 and IgG3, respectively. Analogous to their murine counterparts, IgG1 and IgG3 are the most predominant subclasses of autoantibodies in SLE patients (4-6). IgG3 titers, in particular, positively correlate with renal pathogenicity and are reduced in remissive SLE patients as compared with patients with active disease (48, 49) . As in murine B cells, activation of TLR9 in human B cells (in combination with other stimuli) potently induces proliferation, differentiation to antibody-secreting plasma cells, and germ-line transcription of IgG1 and IgG3 (50) . Additional studies are required to clarify to what extent IRF5 and its autoimmune-prone alleles are involved in the activation and/or induction of CSR of autoreactive human B cells. Nevertheless, our present study demonstrates that IRF5 is required for manifestations of SLE-like disease in mice due to, at least in part, an intrinsic defect in B-cell switching to IgG2a. These findings may offer insight into IRF5's role in SLE pathogenesis, one that is B-cell-intrinsic and independent of type I IFN production, and reaffirms the association between IRF5 polymorphisms and increased risk to SLE disease in humans.
Materials and Methods
Mice. Irf5
−/− mice were described previously (18) . Ifnar1-deficient mice were purchased from B&K Universal Group and backcrossed onto the C57BL/6 genetic background for more than eight generations. Irf5 −/− and Irf5 +/+ littermate control mice were housed in specific pathogen free conditions under University of Tokyo guidelines. Male and female mice between 6 and 12 weeks old were used for all experiments. Ten months following a single i.p. injection of 0.5 mL pristane, sera and kidneys were harvested from mice. For immunizations, 50 μg of TNP-KLH emulsified in 1:1 (vol/vol) CFA or Alum, or 50 μg of TNP-Ficoll in PBS, were injected i.p. Ten milligrams of chicken collagen II (CII; Chemicon International) dissolved in 50 mM acetic acid and emulsified in 1:1 (vol/vol) CFA was injected subdurally. A second injection was performed 21 days later. Arthritis in hind limbs was scored by an experienced individual in a blinded manner every other day (51) . Sera were collected 5 weeks following initial injections.
Cells. Splenic B cells were purified by Magnetic-activated cell sorting column separation (Miltenyi Biotec). Unless indicated otherwise, B cells were plated at a final concentration of 1.5 × 10 6 cells/mL and stimulated with combinations of 10 μg/mL lipid A, 150 ng/mL IFNγ, 10 μg/mL anti-μ, 10 ng/mL IL4, 10 μg/mL anti-CD40 mAB, anti-IFNγ mAB, 10 μg/mL IFNα1, and 1,000 nM CpG-B.
ELISA and Immunofluorescence. For IgG2a-capture ELISA, goat anti-mouse IgG2c, anti-IgG2c horseradish peroxidase (HRP), and purified IgG2c antibodies were from Bethyl Laboratories. Anti-TNP ELISA was performed using standard procedures. Anti-double-stranded DNA and anti-sm ELISA were performed as follows. Either 50 μg/mL sm antigen from calf thymus (IVAX Diagnostics) in PBS bound to a 96-well Maxisorp Immuno plate (Nunc) for 16 h or S1 nuclease-treated calf thymus DNA at 25 ng/mL covalently conjugated to a NucleoLink 96-well plate according to the manufacturer's instructions was prepared. Plates were blocked with 3% BSA in PBS, incubated with dilutions of sera (1:25-1:400), washed three times, exposed to HRP-conjugated secondary detection antibodies, washed six times, and then developed. For anti-CII ELISA, wells were coated with 4 μg/mL CII, washed, incubated with sera (1:200-1:5,000 diluted), and processed as described above. Hep2 cells were cytospun on glass slides, briefly dried, fixed with cold acetone for 90 s, again briefly dried, and then blocked with 3% BSA and 1% fetal calf serum in PBS. Sera from Irf5 −/− and Irf5 +/+ mice following 10 months of PBS or pristane injection were diluted 1:100 and incubated 16 h.
